A large set of data on proton-proton differential cross sections, analyzing powers and the double polarization parameter ANN is analyzed employing the Regge formalism. We find that the data available at proton beam momenta from 3 GeV/c to 50 GeV/c exhibit features that are very well in line with the general characteristics of Regge phenomenology and can be described with a model that includes the ρ, ω, f2, and a2 trajectories and single Pomeron exchange. Additional data, specifically for spin-dependent observables at forward angles, would be very helpful for testing and refining our Regge model. 
Introduction
Nucleon-nucleon (N N ) elastic scattering is the primary process to understand nuclear forces and to construct theoretical models of the strong interaction. While relativistic meson-exchange models [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12] work reasonably well at beam momenta below 2 GeV/c, say, the situation is quite different at higher proton momenta. The typical problems are summarized in Refs. [11, 13] . First, the predicted N N elastic cross sections are too large and increase with momentum, while experimentally they decrease. Second, the predicted analyzing powers are too large while for other spin observables even the sign differs from that observed in experiments. The first problem is caused by the vector-meson exchange in the standard meson-exchange models. It was claimed [13] that, because of the first problem, Regge theory was invented since it generates the appropriate energy dependence of the scattering amplitude. The second problem, however, persists even when the contribution from vector mesons is taken off. Thus, the momentum range from 2 GeV/c to 10 GeV/c offers precise and still unexplained data, waiting for being described by adequate models.
During the last years some progress was achieved in the analysis of N N scattering below ≃ 4 GeV/c within an approach based on relativistic optical potentials [14, 15, 16, 17] . Other recent activities concern the application of the Regge formalism [18, 19, 20, 21, 22] in the analysis of proton-proton (pp) scattering at very high momenta, say above 100 GeV/c. Here the most interesting finding is that there are possibly contributions from new Pomeron trajectories [22, 23] that are insignificant at low energies.
The most recent extensive measurements of pp scattering were done by the EDDA Collaboration at COSY [24, 25] and at SATURNE in Saclay [26, 27, 28, 29, 30] . These experiments provide a wealth of precise data on differential cross sections and polarizations up to beam momenta of about 3.8 GeV/c. Unfortunately, these measurements do not cover forward angles below θ c.m. ≃ 30
• . A further improvement of the high-quality data base on pp scattering is expected from the ANKE Collaboration at COSY. Very recently it was proposed [31] to measure pp elastic scattering at beam momenta from 2.4 GeV/c to 3.6 GeV/c and at c.m. angles from 10
• to 30
• . The experiment aims to obtain precision data for differential cross sections and analyzing powers. The experiment could be extended in the future to measure double polarization observables.
The findings in Refs. [11, 13] show that traditional nuclear models of the N N interaction such as meson-exchange potentials cannot be easily extended to the energies covered by the COSY-EDDA and SATURNE experiments. At the same time that region is much too low for perturbative QCD to be applied. Thus, in this paper we propose to use a phenomenological Regge approach to study the N N interaction at those COSY-EDDA and SATURNE energies.
In the present paper we consider the ρ, ω, f 2 , and a 2 Regge exchanges, supplemented by the contribution of a single Pomeron Regge pole. We expect that those conventional Regge trajectories represent the proper dynamical degrees of freedom for describing N N scattering in the region from the COSY-EDDA and SATURNE energies up to beam momenta of 50 to 100 GeV/c. Indeed at the latter momenta the pp and antiproton-proton (pp) cross sections are already pretty close to each other, cf. the review section of the PDG [32] , which is a clear indication that the contributions from the mesonic Regge trajectories have become practically negligible and pp (as well as pp) scattering is dominated by Pomeron exchange alone. In fact, as already said above, at such high momenta additional dynamical mechanisms become more and more important which do not play a role for energies down to the COSY-EDDA and SATURNE regime.
As will be shown in this paper, with contributions from the ρ, ω, f 2 , and a 2 Regge exchanges and a single Pomeron Regge pole we are able to describe the pp, pp, pn,pn total cross sections, but also the ratio of the real-to-imaginary parts of the forward amplitudes for pp andpp, over a large energy range up to beam momenta of around 100 GeV/c. Next, we use the data on angular distributions and polarizations for pp to determine the details of the Regge exchanges. Obviously, it is an open question down to which energies such a phenomenological Regge approach can provide a quantitative description of the available data. We find that the phenomenology allows to achieve a useful representation of the data down to 3 GeV/c, in line with analogous investigations for pion-nucleon scattering [33, 34, 35, 36, 37] . The Regge region therefore turns out to have a significant overlap with the kinematical region covered by the COSY-EDDA and SATURNE pp experiments.
The paper is organized as follows: In sect. 2, we introduce the helicity amplitudes for pp scattering. In sect. 3 we describe the details of the fitting procedure. Sect. 4 provides a comparison of the results of our Regge model with data on differential cross sections and polarizations. In sect. 5 a comparison between the Regge calculation and results based on the partial wave analysis (PWA) of the George-Washington Group (GWU) is made for some beam momenta. The paper ends with a summary. Detailed information on the data sets used in our analysis are summarized in an Appendix.
Helicity amplitudes
In the past Regge analyses of N N scattering at beam momenta from 3 GeV/c upwards were presented in Refs. [38, 39] . Unfortunately, the proposed formalism cannot be simply taken over for the study of the new data. In Ref. [38] the amplitudes are expanded for very low momentum transfer squared or for very forward angles. The analysis of Ref. [39] is fairly complete but, strictly speaking, is not based on a covariant formulation. For instance the Regge propagator is expressed not in terms of Mandelstam invariants like the squared invariant collision energy s, as usually done, but in terms of the laboratory energy. This is in conflict with the energy dependence of the total pp cross section, where there is strong evidence [40, 41] that its s-dependence is driven by the leading Regge trajectories.
It is convenient to expand the N N scattering matrix φ in terms of the helicity amplitudes proposed by Jacob and Wick [42] :
Here λ 1 (λ ′ 1 ) and λ 2 (λ ′ 2 ) are the s-channel projections of the spin of the initial (final) protons, respectively. The index a labels all possible combinations of helicities for the transition between initial and final states. Taking into account parity conservation and time reversal invariance [43] the full set of the covariant s-channel helicity amplitudes is given by [44] 
Therefore, elastic scattering of two identical particles with spin-1/2 can be completely described by five independent amplitudes. The helicity amplitudes φ 1 and φ 3 given above correspond to helicity nonflip, φ 5 is the single helicityflip amplitude, while φ 2 and φ 4 are double helicity-flip amplitudes. The helicity amplitudes depend on the invariant kinematic variables defined as
where
2 ) are the four-momenta of the incident (final) protons, respectively, and
with m N being the proton mass. We consider pp scattering via the exchange of Regge trajectories defined by a certain set of allowed quantum numbers. Within the Regge formalism the helicity amplitudes φ a (a=1, ..., 5) can be parameterized for each exchange trajectory i by
where β ai is the product of the vertex functions and Γ denotes the Γ -function that is introduced in order to suppress the poles of the Regge propagator in the scattering region. The total helicity amplitudes are given by the corresponding sum over the contributing trajectories. Furthermore, ζ i is the Regge propagator taken to be
with S i being the signature of the trajectory and s 0 = 1 GeV 2 a scaling factor. The i-th Regge trajectory, α i , is considered as a linear function of t,
with the slope α ′ i and the intercept α 0 i either being determined by a fit to data or taken from the analysis of other reactions. Note that the difference between the power α(t) here and the power α(t)−1 given in our previous publications [33, 35, 36] on meson photoproduction and pion charge-exchange is due to different normalizations, i. e. different relations between the helicity amplitudes and observables.
The signature S i of the exchange trajectory is defined as follows. Both natural and unnatural parity trajectories can be exchanged in the t-channel. The naturalness N for natural (N =+1) and unnatural (N =−1) parity exchanges is defined as
where P and J are the parity and spin of the particle lying on the Regge trajectory. The signature factor S=±1 is then defined as [45, 46, 47] 
The structure of the functions β ai of Eq. (5) is defined by the quantum numbers of the particles at the interaction vertices, similar to the usual particle-exchange Feyman diagram. The general form of the functions β ai is given by [45] 
where c ai is a constant and F ai is an overall form factor. For the latter we take an exponential function so that in our case the β ai are parameterized by
Therefore, in general for each trajectory that contributes to pp elastic scattering one should determine 10 free parameters, in case that the intercepts and slopes of the trajectories are known from other sources. In the asymptotic limit, i. e. for large s and small |t|, the helicity amplitudes exhibit the property [48, 49] 
This allows to reduce the number of free parameters to six for each trajectory. However, that relation should be considered as a leading order approximation and further improvements of the model might be achieved by considering not only three but the complete set of five independent amplitudes as given by Eq. (11) . Nevertheless, we try to keep the number of free parameters as small as possible, because the amount of polarization data, to which the calculations are very sensitive, is rather limited at high energies.
Let us now specify the trajectories that contribute to pp scattering. At high energies hadron-hadron scattering is dominated by Pomeron exchange. We consider here a single Pomeron Regge pole for which we adopt the parameters [50, 51, 52] α P (t) = 1.08 + 0.25t .
The ρ and ω trajectories are taken from our global analysis of pion charge-exchange [35] and neutral pion photoproduction [36] data. Note that these analyses include experimental results on differential cross sections and on single as well as double polarizations. We take
For the f 2 and a 2 trajectories we adopt the values from Ref. [53] :
These authors fixed the trajectories from a systematic analysis of the mesonic states in the Chew-Frautschi plot, given by the plane defined by the squared mass and the spin of the particles. Pion exchange plays a significant role at low energies. Specifically, it constitutes the longest ranged part of the pp interaction and it dominates at very small −t, i.e. close to the pole of the pion propagator. Indeed, it was argued [59] that the pion pole term dominates so strongly in forward direction, that one can actually extract the πN N coupling constant from the differential cross section by an extrapolation to the pion pole. In the Regge model the pion trajectory is given by [53, 54] 
where m π is the pion mass. Hence the contribution from pion exchange decreases much more rapidly with increasing beam momentum compared to those of the other contributions and, therefore, is difficult to determine. This problem in determining the contribution from the pion exchange trajectory is further intensified by the lack of pp scattering data in the forward direction at the lower energies considered in the present investigation. Thus, at this stage we do not include the pion trajectory. It is instructive to look at the beam-momentum-and t dependence for each of the included trajectories. Fig. 1 illustrates the absolute squared Regge propagator of Eq. (6) divided by the Γ -function, i. e. |ζ i (t, s)/Γ [α i (t)]| 2 for different trajectories. The upper panel of Fig. 1 shows the dependence on the laboratory momentum at fixed t=−1 GeV 2 . The results for different trajectories are arbitrarily normalized at p=3 GeV/c. It is clear that with increasing momentum, the Pomeron trajectory becomes more and more significant.
The lower panel of Fig. 1 illustrates the t-dependence
2 at the beam momentum p=5 GeV/c. The zeros of the amplitudes due to the ρ and ω trajectories are close to each other, but not at exactly the same t. If one of the trajectories dominates the reaction we would expect that there is a minimum in the differential cross section at a certain value of t. Indeed the data on the γp→π 0 p and π − p→π 0 n reactions show minima around −t=0.5 − 0.6 GeV 2 . The minimum could be shifted due to an interference between different trajectories. Moreover, it is possible that the minimum is not observed at all, if the contributing trajectories play an equally important role, like in the γp→π + n and γn→π − p reactions. For scattering of identical particles the amplitudes φ a (a = 1, ..., 5) obey certain symmetry relations. Specifically, for pp scattering they read [43] :
). We implement these symmetry relations via the substitution φ 1 (t) → φ 1 (t) + φ 1 (u), etc. [55] . This replace- o , as it must be the case for pp scattering.
Finally, the helicity amplitudes are normalized in such a way that the differential cross section is given by
The analyzing power A is then given by
A complete overview of the relations between the helicity amplitudes and various observables can be found in Ref. [43] .
Fit procedure
In our global analysis of the pp scattering data we include five trajectories, namely the Regge amplitudes for ω, ρ, f 2 , a 2 exchanges and the Pomeron. In order to minimize the number of free parameters we impose the asymptotic relations given in Eq. (12). Therefore, there are 30 parameters that have to be determined in a fit to data in order to fix the coupling constants and form factors of Eq. (11).
The parameters of the model are compiled in Table 1 .
We use data at proton laboratory momenta within the range of 3 to 50 GeV/c (corresponding to invariant collision energies of 2.77< √ s<10 GeV) because in this region the contributions from the ω, ρ, f 2 and a 2 Regge exchanges play an essential role. As is illustrated in Fig. 1 at higher energies the contributions from those Regge trajectories become almost negligible and pp scattering is dominated by single Pomeron exchange. Indeed at higher collision energies other dynamical mechanisms become very important which, at the same time, are irrelevant in the energy range indicated above. For example, two classes of Table 2 .
Pomeron trajectories are introduced in [21, 22, 23] , namely a soft Pomeron and a hard Pomeron. Other investigations of pp scattering consider also additional contributions [50, 51, 56, 57] besides the single Pomeron Regge pole, in order to explain the data on differential cross sections at momenta above ≃50 GeV/c such as double-Pomeron exchange, three-gluon exchange, etc. See also Ref. [58] . Since we are predominantly interested in fixing the contributions from the mentioned well-established traditional Reggeon contributions we do not extend our analysis to such very high energies. In the energy region considered by us a single Pomeron Regge pole is sufficient.
It is not clear a priori down to which energies the Regge formalism is applicable. Our previous systematic analyses of neutral and charged pion photoproduction [34, 36, 54] , on pion charge-exchange [35] and pion-nucleon backward scattering [37] demonstrate that Regge models allow to describe differential cross sections as well as single and double polarization data fairly well down to p≃3 GeV/c. Thus, we decided to include in our fit also pp scattering data down to p≃3 GeV/c.
Information about the data considered in the present analysis is summarized in an Appendix. There we indicate the beam momenta, the maximal and minimal values of the four-momentum transfer squared, the group who performed the experiment and provide the reference of the publication. We include data in the range |t|≤2.5 GeV Table 2 .
which is the range where most of the experiments were performed.
In addition to the data listed in the Appendix we fit the total pp cross section for momenta between 3 and 50 GeV/c and the ratio of the real to imaginary parts of the forward scattering amplitude. Applying the optical theorem this allows us to fix the helicity non-flip amplitude at forward direction, i. e. at t=0. Moreover, in order to further constrain our amplitudes (but also to test them) we include data on total cross sections for thepp, pn and pp reactions too.
Results

Differential cross sections
In Figs. 2-7 we show data on pp scattering differential cross sections at various beam momenta as indicated in the figures. References to the data are given in Tables 2  and 3 Table 1 . We do not display here the variations induced by the uncertain- Table 2 .
ties in those parameters which are in the order of 20 %, cf. Table 1 , in order to avoid too busy figures 1 . Obviously our Regge model yields a good overall reproduction of the differential cross sections over a wide energy range. In particular, it is possible to reproduce the experimental information for beam momenta from 3 to 50 GeV/c with the same set of parameters. The obtained χ 2 is with 1.69 per data point fairly good. Still there is, in average, a discrepancy of about 20% between our model results and some of the data, especially at the lower energies considered. It is partly due to the known disagreement between some differential-cross-section data caused by differences in the absolute cross section normalization of various experiments, discussed in Ref. [61] . As mentioned in this reference, the ZGS ANL results [62, 63] are lower by about 20% with respect to the most recent COSY-EDDA data [61] and they also clearly disagree with previous measurements from ZGS ANL [65] . In this context let us also mention that close to the maximal value of the squared four-momentum transfer t accessible at the ZGS ANL experiment some of the differential cross section data deviate significantly from our calculations and seem to indicate an unexpected t-dependence, cf. Figs. 3-4.
The differential cross sections do not show any minima or other structures that correspond to the zeros of the amplitudes due to exchanges of individual trajectories as they are illustrated in Fig. 1 . However, at the higher energies considered one can see the onset of a shoulder around t≈−1.4 GeV 2 (Figs. 5-6) which for very high energies evolves into a dip structure, cf. Refs. [50, 51, 56, 57] . Note that the more pronounced shoulder seen in the measurement at p=44.5 GeV/c [91] , seems to be in conflict with the bulk of the data as pointed out by E. Martynov [57] .
As is clear from the data presented in Figs. 2-3 , for momenta between 3 and 3.4 GeV/c there are almost no cross-section data available at |t|<0.5 GeV 2 . Furthermore, in the momentum range 3.5≤p<4.2 GeV/c there is basically no experimental information at |t|<1.5 GeV 2 . Therefore, our amplitude in forward direction is fixed practically only by the data available at high momenta. Some data at higher momenta and at very-forward angles are displayed in Fig. 7 . Obviously, they are all very nicely reproduced by our Regge model. Note that here the contribution of the Coulomb amplitude [64] , properly symmetrized, is included in the calculation.
We expect that additional data at small |t| will put more constraints on our solution and, therefore, would allow to determine better the reaction amplitude. Hence, the upcoming data on differential cross sections from ANKE at COSY could play a decisive role for improving the anal- (bottom), consecutively. References to the data are given in Tables 2 and 3 . Tables 2 and 3. ysis and for the extraction of high quality pp scattering amplitudes. As will be discussed in the next section, also the amount of polarization data for low −t is rather limited.
Analyzing powers
In the following we use the notation given in Table 2 of Bystricky et al. [43] for the polarization observables. Furthermore, we assume that A=P which follows from time reversal invariance and we do not specify explicitely which of those two observables was determined in the actual experiment. In the discussion below we refer to the proton polarization data always as analyzing powers.
During the last years an extensive program on measuring analyzing powers for pp elastic scattering was conducted at COSY-EDDA and at SATURNE. At the COSY facility data were taken [24, 25] at beam momenta from 1 to 3.3 GeV/c and for scattering angles from 30
• to 90
• . At SATURNE the measurements were done [27, 28] at beam momenta from 2.57 to 3.61 GeV/c and for proton scattering angles typically from 60
• to 100
• . In addition, within this momentum range there are analyzing powers available from ZGS ANL [62, 63] . At higher momenta data are available from ZGS ANL, CERN PS, FNAL, and AGS BNL. References to the data are collected in Table 4 .
Figs. 8-11 display pp analyzing powers as a function of the four-momentum transfer squared for different beam Table 1 . The arrows indicate those values of t which correspond to the pp scattering angle of θ c.m. = 90
• . There the analyzing powers equal to zero.
Although the COSY-EDDA and SATURNE measurements provide many precise data these experiments do not cover forward angles and, therefore, the behavior of the amplitudes for scattering angles below 30
• is not well constrained experimentally.
The Regge calculation produces a minimum structure in the analyzing power around −t≃0.5÷1 GeV 2 . The COSY-EDDA [24, 25] and ZGS ANL [62, 63] data available in that region seem to support such a structure. But there are some beam momenta where the COSY data do not really exhibit a minimum.
It is interesting that the analyzing powers do not vanish at high momenta. Indeed, the data as well as our calculation exhibit some structure. The CERN PS data [74] at the beam momentum of 10 GeV/c (cf. Fig. 11 ) indicate a distinct maximum of the analyzing power around −t≃1.6 GeV 2 . Our Regge model does not produce such a pronounced structure. Other data available at near-by [27, 28] , the squares are from ZGS ANL [66] , and the circles are from COSY-EDDA [24, 25] . The shaded bands illustrate the uncertainty of our calculation. The arrows indicate the squared four-momenta corresponding to the scattering angle θc.m.=90
o .
beam momenta do not show such a pronounced structure either.
Double polarization parameter A N N
The double polarization parameters discussed here can be measured with a vertically polarized beam and a vertically The triangles are data from SATURNE [28, 26] , the squares are from ZGS ANL [67] , and the circles are from COSY-EDDA [24, 25] . The shaded bands illustrate the uncertainty of our calculation. The arrows indicate the squared four-momenta corresponding to the scattering angle θc.m.=90 o .
polarized target where the direction is defined with respect to the proton beam. Extensive measurements of A N N were done at SATURNE [29, 30, 78] and at COSY-EDDA [79] . The double polarization observable C N N , or spin correlation parameter, was measured [66] at ZGS ANL. Since A N N = C N N due to time reversal invariance, in the following we use always the notation A N N . References to The triangles are data from SATURNE [28, 26, 68] , the squares are from ZGS ANL [66, 67, 70] , and the open circles are from CERN PS [69] . The shaded bands illustrate the uncertainty of our calculation. The arrows indicate the squared four-momenta corresponding to the scattering angle θc.m.=90 o .
the data considered in the present work are summarized in Table 5 . Most of the A N N data at beam momenta above 3 GeV/c come from SATURNE. These data are shown by solid triangles in Figs. 12 and 13 . Note that at some beam momenta there are two data sets which were actually published in different papers and obviously obtained from dif- Fig. 11 . Analyzing power for pp elastic scattering as a function of the four-momentum transfer squared t for different beam momenta (in GeV/c) as indicated in the figure. The inverse triangles are data from FNAL [76] , the squares are from ZGS ANL [70, 71, 72, 73] , and the open circles are from CERN PS [74, 75] . The shaded bands illustrate the uncertainty of our calculation. The arrows indicate the squared four-momenta corresponding to the scattering angle θc.m.=90
ferent series of measurements, cf. Table 5 . Unfortunately, the more recent SATURNE measurement [29, 30] does not cover the region of forward angles. In general, the SAT-URNE data do not indicate any structures. Our Regge model predicts some structure in the t-dependence of the double polarization parameter A N N at |t|≤1 GeV 2 , specifically a clear minimum around |t|=0.5 GeV 2 . The COSY- The triangles are data from SATURNE [29, 30] , the squares are from ZGS ANL [66] , and the circles are from COSY-EDDA [79] . The shaded bands illustrate the uncertainty of our calculation. The arrows indicate the squared four-momenta corresponding to the scattering angle θc.m.=90 o .
EDDA data [79] at 3.1 GeV/c seem to support such a minimum, though this is not the case for their results at two other momenta. The triangles are data from SATURNE [29, 30, 78] , the squares are from ZGS ANL [66] , and the circles are from COSY-EDDA [79] . The shaded bands illustrate the uncertainty of our calculation. The arrows indicate the squared four-momenta corresponding to the scattering angle θc.m.=90 o .
Total cross sections
The relation between the total pp cross section and the invariant helicity non-flip amplitudes is given by the optical theorem [80] , Only data above that value were included in our fit.
Data on the total pp cross section, taken from the publication of the Particle Data Group [32] , are shown in Fig. 14 as a function of the proton beam momentum. Note that in the global fit we included the data available at momenta from 3 to 50 GeV/c. However, as seen in Fig. 14 , the total pp cross section can be well described up to proton beam momenta of 400 GeV/c. In fact, the choice of the intercept of the Pomeron contribution, cf. Eq. (13), implies that the pp cross section predicted by our Regge model still remains in line with the data at much higher energies [52] . The arrow in Fig. 14 indicates the beam momentum of 3 GeV/c. As one can see, the total cross section is reasonably well reproduced down to p≃2 GeV/c within the indicated uncertainty.
Let us now present our results for the other baryonbaryon reactions involving nucleons and/or antinucleons. Taking into account the isospin structure and the G-parity relations the contributions of the ω, ρ, f 2 , a 2 Regge exchanges and of the Pomeron to the pp,pp, pn andpp scattering amplitudes are given by (see, e.g. [41] )
Corresponding results for thepp, pn andpp total cross sections can be found in Figs. 14 and 15, together with pertinent data. Obviously, our Regge model yields a good overall description of those three reaction channels too, over practically the whole considered momentum range.
Finally, Fig. 16 shows the ratio of the real-to-imaginary parts of the forward pp andpp scattering amplitudes as a function of beam momentum. Again the data are taken from the PDG [32] . The pp data are well described up to momenta of around 200 GeV/c. In case ofpp our results seem to overestimate the data somewhat, but one has to keep in mind that the experimental information is fairly poor over the whole considered momentum range.
Comparison with results from the GWU partial wave analysis
It is interesting to compare our calculations with the results from partial wave analyses. Among different PWA's the one from the George Washington University [81, 82, 83] extends up to proton beam momenta of about 3.8 GeV/c.
Since pp elastic scattering is governed by five independent amplitudes a determination of those amplitudes (modulo an overall phase) would require 9 independent observables. When projecting those amplitudes to par- Fig. 16 . Ratio of the real-to-imaginary parts of the forward amplitudes for pp (triangles, solid line) andpp (squares, dashed line), respectively. The data are taken from the PDG [32] . [61] , while the squares are the results from ZGS ANL [62, 63] . The shaded bands illustrate the uncertainty of our calculation. The dashed lines represent the results from the GWU PWA [82, 83] .
tial waves one needs to know them over the full angular range. However, the only observables at beam momenta above 3 GeV/c, where more or less full information on their angular dependence is available, are differential cross sections, analyzing powers (polarizations) and the double polarization parameter A N N = C N N . There are some data on other polarization observables, though they are available only for a few beam momenta above 3 GeV/c. Therefore, obtaining a PWA solution at p≥3 GeV/c that is unique and represents the experimental results in an appropriate way is a challenging task. Indeed the recent data from COSY-EDDA and SATURNE were quite instrumental to improve the GWU PWA [81, 82, 83] , available at the SAID [84, 85] webpage.
Since the GWU PWA and our Regge analysis overlap within the momentum range of 3 to 3.8 GeV/c we show here selected results close to these two momenta for a comparison. For illustration we also include the experimental results.
The differential cross sections for pp scattering at beam momenta of 3.012 and 3.75 GeV/c are displayed in Fig. 17 . The data are from measurements at COSY-EDDA [61] and at ZGS ANL [62, 63] . Again the shaded bands indicate the uncertainty of our solution. The dashed lines are results based on the GWU PWA [82, 83] . At the lower beam momentum our Regge model as well as the GWU PWA are in line with the experimental information while at the higher momentum the GWU PWA overestimates the data somewhat. Fig. 18 depicts the analyzing powers for pp scattering at beam momenta of 3.01 and 3.75 GeV/c. The data are from measurements at SATURNE [27] and at ZGS ANL [67] . At the beam momentum of 3.01 GeV/c our [27] , while the squares are the results from ZGS ANL [67] . The shaded bands illustrate the uncertainty of our calculation. The dashed lines represents the results from the GWU PWA [82, 83] . Fig. 19 . Double polarization parameter ANN for pp scattering as a function of the four-momentum transfer squared for the beam momenta of 3.01 GeV/c and 3.511 GeV/c. The triangles are data from SATURNE [30, 78] . The shaded bands illustrate the uncertainty of our calculation. The dashed lines represents the results from the GWU PWA [82, 83] .
Regge model as well as the GWU PWA describe the data. At the higher momentum the GWU PWA already fails to reproduce the data, while our solution is still in rather good agreement with the experimental information. Fig. 19 shows the double polarization parameter A N N at beam momenta of 3.01 and 3.511 GeV/c. The data are from measurements at SATURNE [30, 78] . Here the Regge approach agrees with both data and the GWU PWA for |t| < 0.5 GeV 2 for the beam momentum 3.511 GeV/c.
Summary
We performed a systematic analysis of pp scattering at beam momenta from 3 GeV/c up to 50 GeV/c utilizing the Regge formalism. Experimental results on differential cross sections, analyzing powers, and double polarization parameters available from recent measurements at COSY-EDDA, SATURNE as well as data collected previously at ZGS ANL allow to construct the Regge amplitudes for pp scattering with reasonable accuracy. For momenta below 4 GeV/c there are no precise data at forward direction, i.e. at scattering angles below 30
• in the center-of-mass system. Therefore, the amplitudes cannot be fixed in a unique way at these angles. Usually, the Regge model works rather well at small four-momentum transfer squared or forward angles and it would be crucial to collect new data in this kinematical region. We expect that further progress in the analysis of pp scattering will become possible with forthcoming data from the ANKE COSY Collaboration [31] , which will cover the momentum range analyzed here but will include angles in forward direction. 
